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Abstract In observational studies of growing pigs in North Carolina, we cultured paired samples
of mesenteric lymph nodes (MLN) and cecal contents for Salmonella using standard methods for
selective enrichment and plating. Apparent Salmonella prevalence was higher among cecal
(39.2%) than MLN (20.5%) samples from the same animals. Salmonella Typhimurium var.
Copenhagen (STC) and S. Derby comprised 84% of all isolates at slaughter.  For these two
serovars we found an association between serovar and sample type. The odds of isolating STC
from MLN rather than cecum were 5.7 (95%CI 3.0 to 10.7) times higher than the odds for S.
Derby. The odds for isolating STC from MLN versus cecum were 58 times higher for groups
where STC had been isolated from the pigs on farm than for groups where it was had not been
detected on farm. These findings suggest biological differences among common group B
Salmonella serovars in the pig.
Introduction The conventional view of medical microbiologists, that all Salmonella serovars are
pathogenic, implies that all merit equal consideration in control programs. This view is supported
in part by the frequent emergence of previously unfamiliar serovars in outbreaks of human salmo-
nellosis (Cherubin, 1981). Beyond the few host-adapted serovars that show little or no propensity
for cross-species infection (S. Typhi; S. Gallinarum/Pullorum; S. Choleraesuis; etc.), there is mini-
mal information available with respect to epidemiological heterogeneity among Salmonella
serovars. However, over many decades it has been clear that relatively few Salmonella serovars
are implicated in the vast majority of cases of human and animal salmonellosis.  The underlying
reasons for this have not been critically considered, but biological and epidemiological differences
among serovars are one obvious possibility. 
In field studies Salmonella in North Carolina, we examined the distributions of serovars isolat-
ed in paired samples of mesenteric lymph node (MLN) and cecal contents of individual slaugh-
tered pigs from 4 farms. Of primary interest was the question of whether the choice of sampling
site would influence conclusions regarding the profile of serovars present in a swine population.
However, at a mechanistic level, discordant results for these tissues might also provide some
insight into the interactions of various serovars with the host.
Materials and Methods The experimental design and methods employed for this study have
been described in detail elsewhere (Gebreyes et al., 2004). Longitudinal sampling of individually
identified growing pigs was conducted on 2 cohorts of 60 pigs from each of 4 farms. The final
fecal samples on farms were collected within 24 hours of slaughter. Following slaughter, paired
samples of mesenteric lymph nodes (10g) and cecal contents (10 g) were cultured using standard
methods of selective enrichment and plating. The total number of paired samples collected at
slaughter was 405. Colonies with morphology typical of Salmonella were screened biochemically
then sent for serotyping to the National Veterinary Services Laboratory in Ames, Iowa.
Comparison of farm and slaughter results was reported in detail by Gebreyes et al (2004). This
report compares results obtained from paired samples of cecal contents and MLN from individual
pigs that were not detailed in that study. Serovars isolated from the slaughtered animals were
described as concordant if the same serovar had been isolated from that group of pigs at slaugh-
ter, or discordant if the serovar had not been isolated at the farm. 
Results The prevalence of positive cultures was significantly higher for samples collected after
slaughter (29.8%) than for fecal samples on farms (8.9%). Prevalence was higher among 405
cecal samples (39.2%) than 405 MLN samples from the same animals (20.5%). Although multiple
serovars were isolated both on farms and at slaughter, S. Typhimurium var. Copenhagen (STC) and
S. Derby comprised 64% of all isolates. For all groups, the number of serovars isolated from cecal
samples (1 to 7; median 5) was greater (P = 0.03; Wilcoxon rank sum test) than for MLN samples
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(range 0 to 4; median 2.5). Overall, 84% of MLN isolates (n = 130) were concordant with serovars
on the farm, while only 41% of cecal isolates were concordant (OR 7.4; 95% CI 4.2 to 12.8). 
For the 2 predominant serovars we found a statistically significant association between serovar
and sample type (MLN node vs. cecum). Of 84 isolates of S. Derby obtained at slaughter from 6
cohorts, 66 (78.6%) were from cecal samples. In contrast, of 119 isolates of STC among 6 cohorts,
45 (37.8%) were from cecal samples, and a similar distribution was seen among 18 isolates on S.
Typhimurium in one cohort (44% from cecal samples). Across all other serovars (n = 93), the pro-
portion of isolates obtained from cecal samples (69.9%) was similar to that for S. Derby. The odds
of isolating STC from MLN rather than cecum was 5.7 times higher (95%CI 3.0 to 10.7) than the
odds for S. Derby. Considering only those cohorts in which S. Derby or STC had been previously
isolated from pigs on farm, there were 87 instances in which the corresponding serovar was isolat-
ed from MLN compared with 60 isolations from cecal samples. In contrast, when these serovars
had not been isolated from a group on the farm, only 6 MLN isolates were obtained compared to
51 cecal isolates. However, these ratios differed greatly when stratified by serovar.
In all 6 cohorts where S. Derby was isolated at slaughter, the numbers of cecal S. Derby iso-
lates exceeded (total 66) the number of MLN isolates (18). In contrast, for STC there was no such
consistent pattern. While the ratio of MLN to cecal isolates overall was of the order of 2:1 for
STC, across 3 of the 6 cohorts the number of cecal isolates (total 20) exceeded lymph node iso-
lates of STC (1 only). In these 3 cohorts, STC had not been isolated from pigs at the farm while
for the remaining 3 cohorts in which MLN isolates exceeded cecal isolates, STC had been isolat-
ed from the pigs on farm. The odds for isolating STC from MLN versus cecum was 58 (95% CI:
7.4 to 457) times higher for the 3 groups where STC was found on farm than for groups were it
was not detected on farm. The corresponding odds ratio (3.1) for S. Derby was not statistically
significant (0.92 to 10.4). 
Discussion These data were gathered in an observational study designed for other purposes
(Gebreyes et al., 2004). Consequently interpretation of the data has to be cautious due to the
possibilities of confounding or bias. The key outcome of the difference in prevalence and serovar
profile between farm and slaughter and the likely role of infection during transport and lairage was
discussed in detail by Gebreyes et al (2004). Regarding the results of the paired MLN and cecal
samples presented here, the differences in prevalence are of less interest than the qualitative dif-
ferences (distribution of serovars). The prevalence results are likely to be highly subject to
methodological factors including sample weights (Funk et al., 2000). However, the observation
that these two sources yielded markedly different serovar profiles implies that choice of samples
may substantially influence the serovar profile observed in a study. Only 1 isolate per sample was
serotyped, and the possibility that multiple serovars were present in samples must be acknowl-
edged. However, this would be unlikely to explain the distribution of the results unless bias in
colony selection was different for cecal and MLN samples. It is prudent to acknowledge that all
studies of prevalence and serotypes of Salmonella are likely biased with respect to both sampling
and bacteriologic methods (Rostagno et al., 2005). Although identical microbiological procedures
were followed for both groups of samples, the sensitivity and selectivity of the enrichment proce-
dures could vary between MLN and cecal samples which obviously present very different micro-
biological milieus.
At first glance, our data indicate that results from culture of MLN were more concordant with
farm results than for were those from cecal samples.  It could be inferred that MLN samples yield
a better assessment of on-farm exposures than do cecal samples. However, it must be remem-
bered that 65% of MLN samples were STC or S. Typhimurium and that potential differences in
serovar biology may have confounding effects. The apparently higher concordance of MLN sam-
ples could arise from several scenarios. Assuming a high risk of exposure in lairage, the rate of
colonization of the cecum my exceed that of the MLN. Recent experimental studies confirm that
multiple serovars of Salmonella can colonize both alimentary and non-alimentary tissues (includ-
ing MLN) within 3 hours of intranasal inoculation (Loynachan et al., 2004). However, the high chal-
lenge doses used and low numbers used in these experimental studies may not permit detection
of variations among serovars that may occur with recent exposure. Another experimental study
found differences among Salmonella serovars with respect to their rates of transmission among
pigs (van Winsen et al., 2001). Our data strongly suggest that the propensity of STC to translocate
to MLN was substantially greater than for S. Derby and other serovars isolated in this study.
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Higher concordance of MLN with on-farm results would also be predicted if STC was also more
likely to be detected on farm (i.e. higher rates of transmission or longer duration of shedding).
Conversely, if isolates predominating in lairage had low propensity to translocate to MLN, this
would also lead to the pattern we observed. In this study, we speculate that the relative affinity of
STC for MLN compared to S. Derby may reflect differential risks of translocation to, or persist-
ence in MLN, consistent with greater invasiveness and pathogenic potential in the pig.
While the list of Salmonella serovars isolated from pigs is extensive, S. Derby and S.
Typhimurium have been consistently among the most prevalent serovars worldwide over many
decades (Davies et al., 2004a, b; Rajic et al 2005). However, while S. Typhimurium is similarly
common among other food animal and human isolates, Salmonella Derby is generally an uncom-
mon serovar among isolates from species other than swine (Sarwari et al., 2003). Nonetheless,
its potential to cause human disease is well established. S. Derby was responsible for one of the
largest outbreaks of human salmonellosis in the USA (Cherubin, 1981), and over many years has
remained a common serovar in human salmonellosis in Hong Kong (Ling et al., 2001). 
Conclusions Sampling procedures as well and microbiological methods can substantially influ-
ence serovar patterns observed in field studies of Salmonella. Differences observed in the distri-
bution of serovars in paired samples of MLN and cecal contents most likely reflect biological
diversity among serovars in their propensity to translocate to the MLN of pigs. Assuming that
such diversity may also be associated with infectivity and duration of infection in pigs, the pre-
dominant serovars on farms are likely confound results of studies comparing on-farm and post-
slaughter prevalence of Salmonella.
References
Cherubin, C.E. 1981. Antibiotic resistance of Salmonella in Europe and the United States. Rev Infect Dis 3:1105-1126
Davies, R.H., Dalziel, R., Gibbens, J.C., Wilesmith, J.W., Ryan, J.M., Evans, S.J., Byrne, C., Paiba, G.A., Pascoe, S.J., Teale,
C.J., 2000.  National survey for Salmonella in pigs, cattle and sheep at slaughter in Great Britain (1999-2000). J Appl Microbiol
96:750-760.
Gebreyes, W.A., Davies, P.R., Turkson, P.K., Morrow, W.E., Funk, J.A., Altier, C. 2004. Salmonella enterica serovars from pigs on
farms and after slaughter and validity of using bacteriologic data to define herd Salmonella status. J Food Prot. 67:691-697
Ling, J.M., Chan, E.W., Cheng, A.F., 2001. Molecular epidemiological analysis of Salmonella enterica serotype Derby infections
in Hong Kong. J Infect. 42:145-153.
Loynachan, A.T,, Nugent, J.M., Erdman, M.M., Harris, D.L. 2004. Acute infection of swine by various Salmonella serovars. J
Food Prot 67:1484-1488.
Rajic, A., Keenliside, J., McFall, M.E., Deckert, A.E., Muckle, A.C., O'Connor, B.P., Manninen, K., Dewey, C.E., McEwen, S.A.,
2005. Longitudinal study of Salmonella species in 90 Alberta swine finishing farms. Vet Microbiol. 105:47-56.
Rostagno, M.H., Gailey, J.K., Hurd, H.S., Mckean, J.D., Leite, R.C., 2005. Culture methods differ on the isolation of Salmonella
enterica serotypes from naturally contaminated swine fecal samples. J Vet Diagn Invest 17:80-83.
Sarwari, A.R., Magder, L.S., Levine, P., McNamara, A.M., Knower, S., Armstrong, G.L., Etzel, R., Hollingsworth, J., Morris Jr.,
J.G., 2001. Serotype distribution of Salmonella isolates from food animals after slaughter differs from that of isolates found in
humans. J Infect Dis 183: 1295-1299.
van Winsen, R.L., van Nes, A., Keuzenkamp, D., Urlings, H.A., Lipman, L.J., Biesterveld, S., Snijders, J.M., Verheijden, J.H.,
van Knapen, F., 2001. Monitoring of transmission of Salmonella enterica serovars in pigs using bacteriological and serological
detection methods. Vet Microbiol. 80:267-274.
